[Abstract] Analysis of hypervariable regions (HVR) using pyrosequencing techniques is hampered by the ability of error correction algorithms to account for the heterogeneity of the variants present. Analysis of between-sample fluctuations to virome sub-populations, and detection of low frequency variants, are unreliable through the application of arbitrary frequency cut offs. Cumulatively this leads to an underestimation of genetic diversity. In the following technique we describe the analysis of Hepatitis C virus (HCV) HVR1 which includes the E1/E2 glycoprotein gene junction. This procedure describes the evolution of HCV in a treatment naïve environment, from 10 samples collected over 10 years, using ultradeep pyrosequencing (UDPS) performed on the Roche GS FLX titanium platform (Palmer et al., 2014) . Initial clonal analysis of serum samples was used to inform downstream error correction algorithms that allowed for a greater sequence depth to be reached. PCR amplification of this region has been tested for HCV genotypes 1, 2, 3 and 4.
HCV RNA log10 IU/ml, was used as the starting material.
2. RNA was extracted from 140 µl of serum using QIAamp ® Viral RNA mini kit according to the manufacturer's instructions into 1.5 ml RNase free tubes and a final volume of 50 µl.
3. 11 µl of extracted viral RNA was mixed with 1 µl (0.5 µg) random primer.
4. Samples were incubated at 75 °C for 10 min.
5. To this was added a master mix which contained 2 µl (80 mM) dNTP mix, 1 µl (10 U) AMV reverse transcriptase, 1 µl (40 U) RNasin, 4 µl AMV reaction buffer.
6. cDNA generation took place at 42 °C for 60 min, followed by 94 °C for 3 min. 9. To ensure that the initial amount of the template was not limiting, 1:100 dilution of the viral RNA was prepared which, when used as the starting template for nested PCR as described, should yield an amplicon visualized by gel electrophoresis for each sample.
C. Preparation of samples for pyrosequencing 1. Two 2% TAE agarose gels were poured, one containing Sybr safe DNA gel stain and one without.
2. Once set, the gels were split in two, with one half of the gel containing the gel stain joined with the second gel without gel stain.
3. The 50 µl amplicon sample was split in two (10 µl and 40 µl) and resolved on the above gel. The 10 µl sample was stained using Sybr safe, while the 40 µl sample was not stained and went forward for downstream procedures. The resultant amplicon in this instance was 320 bp ( Figure   1 ).
4. The region of the gel containing the unstained band (40 µl sample) was cut out using a clean stainless steel blade using the stained 10 µl sample as a positioning guide and transferred to a clean 1.5 ml tube.
5. The amplicon was gel extracted using a gel extraction kit according to the manufacturer's instructions.
6. Extracted amplicons were quantified using a BioPhotometer.
7. Samples were prepared in equimolar concentrations and diluted to a final concentration of 1 x 10 7 molecules/ml. 2. 20 clones per sample were generated.
3. Plasmids were purified using GeneJet Plasmid Miniprep Kit as per manufacturer's instructions.
4. Sequencing of E1/E2 inserts was performed by Eurofins.
5. All trace files were inspected to exclude sequences where double peaks or regions of ambiguous sequence were present.
E. Data handling and error correction 1. The raw sff data files were managed using SFFFile tools.
2. Low-quality reads and reads shorter than 90% of the expected amplicon lengths were removed. 6. The overall number of motifs used reflected the observed changes in the dominant HVR1 over time. For each (sub-)lineage, two motif reference sequences were deemed sufficient.
7. To increase the sensitivity of the sequencing error correction algorithms (KEC-ET), the UDPS data was partitioned according to the presence of corresponding motifs.
8. In order to ensure the quality of the analyzed data and the absence of PCR and sequencing chimeras, reads that had more than a 3 bp difference from the best-matching sequence from this motif set were removed.
9. KEC consists of the three stages a. In stage 1, the set of k-mers (substring of fixed length k) of reads from the processed data set is calculated and the distribution of frequencies of k-mers is analyzed. The error threshold is calculated as the minimal frequency of k-mers separating two different distributions.
b. In stage 2, k-mers with frequencies lower than the error threshold are considered erroneous and are used to identify and correct the errors. The corrections are based on an analysis of different factors, including the length of a segment of consecutive erroneous k-mers, the sequences of nucleotides at the end of that segment, and the frequencies of the similar correct k-mers. The procedure of error correction is repeated iteratively i times.
c. In stage 3, the reads containing k-mers that were not corrected in stage 2 are discarded.
10. The following parameters of KEC were used: k = 25 and i = 3.
Data analysis
A more complete description of the data handling and error correction procedure can be found in the original article, http://jvi.asm.org/content/88/23/13709.short (Palmer et al., 2014) . 
Notes

